ABSTRACT By searching the IRAS and ISO databases, we compiled a list of 60 debris disks that exhibit the highest fractional luminosity values ( f d > 10 À4 ) in the vicinity of the Sun (d < 120 pc). Eleven out of these 60 systems are new discoveries. Special care was taken to exclude bogus disks from the sample. We computed the fractional luminosity values using available IRAS, ISO, and Spitzer data and analyzed the Galactic space velocities of the objects. The results revealed that stars with disks of high fractional luminosity often belong to young stellar kinematic groups, providing an opportunity to obtain improved age estimates for these systems. We found that practically all disks with f d > 5 ; 10 À4 are younger than 100 Myr. The distribution of the disks in the fractional luminosity versus age diagram indicates that (1) the number of old systems with high f d is lower than was claimed before, (2) there exist many relatively young disks of moderate fractional luminosity, and (3) comparing the observations with a current theoretical model of debris disk evolution, a general good agreement could be found.
INTRODUCTION
One of the major discoveries of the IRAS mission was that main-sequence stars may exhibit excess emission at infrared ( IR) wavelengths (''Vega phenomenon;' ' Aumann et al. 1984) . Systematic searches in the IRAS catalogs ( Backman & Paresce 1993; Mannings & Barlow 1998; Silverstone 2000; Zuckerman & Song 2004a and references therein) revealed that $15% of main-sequence stars show infrared excess ( Plets & Vynckier 1999) . It was suggested already after the first discovery that the excess can be attributed to thermal emission of dust confined into a circumstellar disk (Aumann et al. 1984) . The existence of such debris disks was first confirmed by the coronagraphic observation of scattered light from the Pic system (Smith & Terrile 1984) . Subsequent imaging of specific systems at mid-infrared (e.g., HR 4796A; Koerner et al. 1998 ) and submillimeter wavelengths (e.g., Eri; ) supported this picture.
The possibility that debris disks might evolve over time was first mentioned by Backman & Gillett (1987) , who proposed that disks around Vega, Eridani, and Fomalhaut could be more evolved analogs of the Pic system. Using submillimeter measurements of the best known Vega-like stars, showed that the derived dust mass of the disks decays with stellar age as a power law. Subsequent studies with the Infrared Space Observatory (ISO; Kessler et al. 1996) demonstrated that debris disks are more common around young stars (t < 400 Myr) than around old ones and there is a trend for older debris disks to be less massive than younger ones Spangler et al. 2001; Silverstone 2000) . The evolutionary picture was further refined by Decin et al. (2003) , who reinvestigated the ISO results and revised the stellar age estimates. Recently Rieke et al. (2005) presented a survey of A-type stars, performed at 24 m with the Multiband Imaging Photometer for Spitzer (MIPS; Rieke et al. 2004 ) on board the Spitzer Space Telescope , and observed a general decay on a timescale of 150 Myr.
A new generation of theoretical models has been developed to explain the temporal evolution of debris disks (Kenyon & Bromley 2002; Kenyon & Bromley 2004 ). These models take into account the fact that the destruction timescales of dust grains orbiting main-sequence stars are significantly shorter than the age of the central star; therefore, the observed dust grains in a debris disk must be continuously replenished (Backman & Paresce 1993) . Collisional erosion of minor bodies in exosolar analogs of our solar system and the sublimation of comets are the best explanations for the replenishment process (Harper et al. 1984; Backman & Paresce 1993) . Most recent models link the temporal evolution of debris disks to the formation and erosion of planetesimals (Kenyon & Bromley 2002 .
The amount of dust in a debris disk is usually characterized by its fractional luminosity, f d , defined as the ratio of integrated infrared excess of the disk to the bolometric luminosity of the star. Despite the general evolutionary trend described above, fractional luminosity values of individual systems were found to show a large spread of 10 À6 P f d P 10 À3 at almost any age . Rieke et al. (2005) also found large variations of the IR excess around A-type stars within each age group. They emphasized the role of individual collisional events between large planetesimals as one of the possible explanations of their result.
Particularly interesting is the relatively high number of older systems (t k 500 Myr) with high fractional luminosity values ( f d ' 10 À3 ). These systems pose a serious challenge even to the new generation of theoretical models. A qualitative explanation for the existence of debris disks with large f d values around old stars was suggested by . According to their theory, different planetesimal disks become active debris systems at different ages because of the delayed onset of collisional cascades.
The presence of relatively old systems with high fractional luminosity, however, might partly be an observational artifact, since several factors could bias the distribution of debris disks on the f d versus age diagram. Some stars have been nominated as Vega candidates due to erroneous infrared photometric measurements, confusion by background sources, or the presence of extended nebulosity (where the IR emission is of interstellar rather than of circumstellar origin). In order to obtain a reliable picture of debris disk evolution, these misidentifications (''bogus disks'') have to be found and discarded. The actual positions of confirmed debris disks in the f d versus age diagram might also be biased by measurement errors in the far-infrared photometry and even more significantly uncertainties in the age determination.
In this paper we study a sample of debris disks that exhibit the highest fractional luminosity values in the solar neighborhood. Setting a threshold value of f d ¼ 10
À4 and a distance limit of 120 pc, we compiled a list of 60 disks and performed an accurate determination of their infrared excess using IRAS, ISO, and Spitzer data (x 2). In x 3 we present improved age estimates for a large number of stars, derived, e.g., by determining their membership in young moving groups. In x 4 we analyze the distribution of the disks in the f d versus age diagram and find a significant fraction of our sample to be younger than was previously thought.
Our conclusions are summarized in x 5. In Appendix A we list bogus disks identified in our work. Appendix B lists new members of young moving groups discovered in the present study.
SAMPLE SELECTION
We created the input list for this study by (1) identifying debris disk candidates in the IRAS and ISO databases, (2) rejecting bogus debris disks and suspicious objects, and (3) computing infrared fractional luminosity values and selecting disks with f d > 10 À4 .
Searching the IRAS Catalogs for Stars with Infrared Excess
With the aim of compiling a list of main-sequence stars with IR excess, we made a systematic search in the IRAS Faint Source Survey Catalog (FSC; Moshir et al. 1989) and in the IRAS Serendipitous Survey Catalog (SSC; Kleinmann et al. 1986 ). In order to reduce source confusion, our survey was confined to b j j ! 10 Galactic latitudes. We selected all infrared sources with at least moderate flux quality at 25 or 60 m, and their positions were correlated with entries from the Hipparcos Catalogue (ESA 1997 ) and the Tycho-2 Spectral Type Catalogue . Positional coincidences within 30 00 were extracted. In order to assure that the selected objects are not giant stars, the luminosity class was constrained to IV-V in the Hipparcos catalog and to V in the Tycho catalog. We also included several objects whose luminosity class was not available in the Hipparcos catalog but whose absolute magnitudes indicated a main-sequence evolutionary phase. Since the infrared excess from early B-type stars might be due to free-free emission , the sample was limited to spectral types later than B9 in both catalogs. Our query is similar to that of Silverstone (2000) , but since we also considered the IRAS 25 m band, it is also sensitive to stars with excess from warmer dust disk.
Following the principles of the method by Plets & Vynckier (1999) , for each selected star we predicted the far-infrared flux density of the stellar photosphere using the K s -band magnitude (or V band, when good quality K s photometry was not available) and the B À V color index. K s -band photometry was drawn from the Two Micron All Sky Survey (2MASS) catalog (Cutri et al. 2003) , and V magnitudes and B À V color indices were taken from the Hipparcos and Tycho catalogs. As a first step a photospheric 25 m flux density was derived from the K s magnitude and the B À V color of the star using the collection of stellar model predictions by M. Cohen and P. Hammersley (available on the ISO Data Centre Web site 9 ). Then, color relationships predicting the photospheric flux ratios between 25 m and a selection of IRAS, ISO, and Spitzer photometric bands were also derived from the same stellar models. The average accuracy of the predicted far-infrared fluxes is estimated to be around 4% when computed from the K s magnitudes and 8% when computed from V magnitudes.
In order to compute IR excess values, the predicted photospheric flux densities were subtracted from the measured flux densities in each IRAS band. In principle the IRAS fluxes have to be color corrected since the shape of the spectral energy distribution of the system usually differs from the F $ À1 reference spectrum (this spectral shape was assumed while the flux densities quoted in the IRAS catalogs were derived from the detector in-band powers). Since the true spectrum of the system is not known a priori, we decided to multiply the predicted photospheric fluxes (rather than dividing the IRAS flux densities) with color correction factors appropriate for a stellar photosphere (Beichman et al. 1988) . The significance level of the infrared excess was calculated in each photometric band with the following formula:
where F meas is the quoted uncertainty in the FSC or SSC and F pred is the uncertainty of the prediction described above. When S excess was greater than 3 either in the 25 or 60 m bands, the object was selected as an excess candidate star. Applying the above criteria, we identified in total 355 excess candidate stars in the IRAS databases.
ISO-based Selection of Stars with Infrared Excesses
In a second step the IRAS-based list was supplemented with excess stars selected from the ISO databases. The Vega phenomenon was a key program for ISO (see x 1), and a number of stars have been observed with ISOPHOT, the onboard photometer (Lemke et al. 1996) . We collected all ISOPHOT observations of normal stars from different observers performed in minimap, sparse map, or staring mode (a detailed description of these observing modes is given in Laureijs et al. 2003) and performed a homogeneous reevaluation of the whole sample (Á brahám et al. 2003; P. Á brahám et al. 2006, in preparation) . For details of the data analysis and criteria for candidate excess stars, see P. Á brahám et al. (2006, in preparation) . We note that most selected candidates have already been published by the original observers Habing et al. 2001; Spangler et al. 2001; Silverstone 2000) , but due to their different processing schemes, the published flux densities cannot be directly merged for a homogeneous catalog. The merged IRAS-and ISO-based list includes altogether 364 IR excess stars.
Rejection of Suspicious Objects
Since our goal is to compile a list of debris disks, we excluded all known young stellar objects (e.g., T Tauri or Herbig Ae/ Be stars) that harbor protoplanetary disks. The sample could also be contaminated by source confusion: due to the low spatial 9 Available at http://www.iso.vilspa.esa.es/users/expl _ lib/ ISO/wwwcal. resolution of IRAS at far-IR wavelengths, many of the positional coincidences between a star and a far-IR source could be bogus and the far-IR emission is related to a foreground or background object.
For part of the sample (110 stars) higher spatial resolution infrared maps are available, obtained by either the ISOPHOT or MIPS instrument. We downloaded ISOPHOT data from the ISO Data Archive ( IDA) and processed with the Phot Interactive Analysis (PIA) version 10.0 (Gabriel et al. 1997) . MIPS basic calibrated data (BCD) files were downloaded from the Spitzer Science Center data archive. The latter products are composed of two-dimensional FITS image files that included all general calibrations and corrections for MIPS detectors (Gordon et al. 2005) . In each case these data were co-added and corrected for array distortions with the Spitzer Science Center MOPEX (MOsaicking and Point source EXtraction; Makovoz & Marleau 2005) software. Bad data flagged in the BCD mask files, as well as permanently damaged pixels flagged in the static pixel mask file, were ignored during the data combination. Output mosaics had pixels with size of 2B5 at 24 m and 4 00 at 70 m. The MOPEX/APEX software package was used to detect sources and determine their positions on the final maps.
The positions of the infrared sources were determined on the ISO and Spitzer maps, and objects whose coordinates differed from the optical position (and in some cases coincided with a nearby background object) and/or associated with extended nebulosity were discarded from the list. For positional discrepancy the threshold value was set to half of the width of a point source's footprint. In the case of ISOPHOT the large pixel size dominated the footprint, and in the 60-100 m range the threshold was 23 00 . In the case of MIPS arrays the footprint was defined by the telescope point-spread function, and we adopted threshold values of 3 00 and 9 00 at 24 and 70 m, respectively. The absolute pointing uncertainty was less than these values for both satellites. In total 24 disk candidates were dropped from the list.
When neither ISO nor Spitzer maps were available, we made an attempt to filter out bogus disks by assuming that an object is possibly affected by source confusion if one of the following applies:
1. A known galaxy or evolved star (OH/ IR source, Mira variable) is located within 1 0 of the IRAS position. 2. A source included in the IRAS Small Scale Structure Catalog (Helou & Walker 1988) or in the 2MASS Extended Source Catalog (Jarrett et al. 2000) is located within 1 0 of the IRAS position.
3. A 2MASS source with an excess in the K s band (identified in the H À K s vs. J À H diagram in comparison with the locus of the main sequence and taking into account the reddening path) is located within 1 0 of the IRAS position. 4. The 60 m /100 m flux ratio of the candidate source resembles the color of infrared cirrus (F 60 /F 100 < 0:25, which corresponds to blackbody temperatures lower than 33 K). At least moderate flux quality flags were required in both IRAS bands.
These cases were also discarded from our list of debris disk candidates (48 objects).
In an earlier study, Kalas et al. (2002) used high angular resolution coronagraphic observations at optical wavelengths and found cases where the far-infrared excess observed by IRAS was of interstellar (rather than circumstellar) origin (''Pleiades phenomenon''), leading to false entries in the Vega candidate lists. They also suggested that a significant fraction of Vega candidates beyond the Local Bubble might be bogus, since the star illuminates nearby interstellar matter rather than a circumstellar disk.
After checking the positions of our sources projected on recent maps of the Local Bubble (Lallement et al. 2003) , we discarded all objects situated in the wall of the bubble or beyond. The wall was defined as the isocontours corresponding to the 50 m8 Na i D2 line equivalent widths in the maps. In practice nearly all of our sources beyond 120 pc were removed, while within this radius only a few were dropped. Thus, we defined a maximum distance limit of 120 pc for our stars, constructing a nearly complete volume-limited sample.
The List of Disks with High Fractional Luminosity
In order to compute fractional luminosity values for each candidate star, we constructed spectral energy distributions by combining infrared fluxes from the FSC, SSC, and ISOPHOT (reevaluated by us; see P. Á brahám et al. 2006, in preparation) and additional MIPS and submillimeter fluxes from the literature. The excess above the predicted photosphere was fitted by a single-temperature modified blackbody, where the emissivity was assumed to vary as 1 À exp ½À(k 0 /k)
, where k 0 was set to 100 m (see, e.g., Williams et al. 2004) . We fixed equal to 1, which is a typical value in the case of debris systems (Dent et al. 2000) . If the excess was detected at one wavelength only, we adopted a modified blackbody whose peak (in F ) coincided with that single wavelength. From the fitted spectral shape color correction factors were computed and applied to the data. Then again a modified blackbody was fitted, resulting in new color correction factors, and this procedure was repeated until the color correction factors converged. Finally, the fractional dust luminosity was calculated as f d ¼ L IR /L bol . In order to estimate the uncertainties on our fractional luminosity values, we performed a Monte Carlo simulation. We added Gaussian noise to the photometric data points using their quoted 1 photometric errors and then recomputed the fractional dust luminosities. Formal uncertainties of the predicted theoretical photospheric fluxes were also taken into account. Final uncertainties were derived as the standard deviation of these values after 1000 repetitions. We note that these values include only random uncertainties; systematic errors due to, e.g., limited wavelength coverage are not taken into account. Artymowicz (1996) argued that debris disks are confined to f d < 10 À2 and sources with higher fractional luminosity probably contain a significant amount of gas (e.g., T Tauri and Herbig Ae/Be stars, ''transition'' objects). Therefore, we excluded objects with f d > 10 À2 from our sample. Then the remaining sample was sorted by decreasing f d values and stars with f d > 10
À4
(60 stars) were taken for the further analysis presented in this paper.
Basic stellar parameters for these 60 objects, as well as derived fractional luminosities and their uncertainties, are presented in Table 1 . Infrared data used in our analysis, including both the original flux values as listed in the catalogs or provided by our reduction algorithm and corrected fluxes, where color correction was applied, are given in Table 2 . The table also contains photospheric flux predictions for the specific wavelengths. Inspecting the flux density values obtained by different instruments at the same wavelength (e.g., IRAS and ISOPHOT at 60 m), one finds discrepancies that may arise, e.g., from the different beams and different calibration strategies of the instruments. Comparing the IRAS and ISOPHOT flux values in Table 2 , a general good agreement within 1 was found, with no deviations above the 3 limit (the uncertainty was computed as the quadratic sum of quoted uncertainties from the two instruments). We also compared our ISOPHOT flux densities with the results of earlier evaluations of the same observations in the literature. In most cases the results were consistent (except HD 10647 and HD 53143, where 
First Reference to Debris Disk (7) Debris Disk Confirmation (8) (3)- (5): Data are from the Hipparcos or the Tycho-2 Spectral Type Catalog. Col. (6): Distances. P indicates photometric distances; otherwise, Hipparcos distances were used. Col. (7): Reference for first identification as debris disks. Col. (8): Observations following the original IRAS discovery that independently confirmed the existence of the debris disk. COR: coronagraphic observation; ISO: ISOPHOT; MIR: observation at mid-infrared wavelengths; IRS: Spitzer IRS; MIPS: Spitzer MIPS; SUBM: observation at submillimeter wavelengths. An asterisk marks those MIPS observations when we extracted only astrometrical information from the maps but did not determine photometric fluxes. Col. (9) a Beichman et al. (2005b) demonstrated the presence of strong spectral features for this object; therefore, we took their fractional luminosity estimate rather than fitting the photometric points by a modified blackbody. the probable explanation is that we used a more advanced version, ver. 10.0, of the PIA software). As was discussed in x 2.1, during the analysis we rejected several systems as bogus disks or suspicious objects. Those rejected stars that were previously proposed to harbor debris disks in the literature and would have been included in our final list (on the basis of their quoted fractional luminosity in the original paper) are presented in Appendix A, together with a brief description of the reason of rejection.
AGE DETERMINATION

Membership in Young Moving Groups
Age determination for main-sequence field stars is challenging and sometimes results in very uncertain values. Ages of open cluster members, however, can be estimated more accurately, e.g., by fitting their main-sequence locus in the color-magnitude diagram (CMD) with theoretical isochrones or by determining the location of the ''lithium depletion edge'' in the cluster and comparing it with the predictions of theoretical evolutionary models. A number of young clusters ( Per, Pleiades, Hyades, etc.) have been dated so far (Meynet et al. 1993; Stauffer et al. 1998) . Similarly, the ages of young stellar kinematic groups, discovered mainly in recent years, are relatively well determined (e.g., Zuckerman & Song 2004b) . It was a very important result that several stars with the strongest infrared excess turned out to be members of such moving groups, and in some cases the ages of these stars had to be revised significantly (e.g., the case of Pic; Barrado y Navascués et al. 1999) . In order to obtain more reliable ages for our sample, we performed a systematic investigation of the possible relationship between our excess stars and (4) and (5): Measured flux density and uncertainty (in Jy) at the specific wavelength. On the infrared flux density values in col. (5) A common method to decide whether an object belongs to a moving group is to compare its Galactic space velocity components with the mean velocity components of the group. In order to compute the space velocity for the stars in Table 1 , we collected parallaxes and proper motions from the Hipparcos and Tycho-2 catalogs. When accurate parallax information was not available, a photometric distance was adopted.
Radial velocities were taken from the literature (see Table 3 for references) or from our own observations. The new observations were carried out with the 2.3 m ANU telescope at the Siding Spring Observatory, Australia, on 11 nights between 2005 March 21 and August 22. The spectra were taken with the Double Beam Spectrograph using a 1200 mm À1 grating in the red arm. The recorded spectra covered 1000 8 between 5800 and 6800 8, with a dispersion of 0.55 8 pixel
À1
. This leads to a nominal resolution of about 1 8. The exposure time ranged between 30 and 200 s depending on the brightness of the target and the weather conditions. We obtained on average four to seven spectra for each star. Since all of the target stars are bright objects (V < 10 mag), we could easily reach S/ N $ 150 200 for every spectrum. All spectra were reduced with standard tasks in IRAF. 10 Reduction consisted of bias and flat-field corrections, aperture extraction, wavelength calibration, and continuum normalization. We did not attempt flux calibration because the conditions were often nonphotometric and the main aim was to measure radial velocities. Radial velocities were determined by cross-correlation, using the IRAF task fxcor, choosing HD 187691 as a stable IAU velocity standard. The cross-correlated region was 100 8 centered on the H line, which is by far the strongest spectral feature in our range. The finally adopted velocities were calculated as simple mean values of the individual measurements. Our experiences have shown that the typical measurement errors were about 4-7 km s À1 per point, so that the mean values have AE1-3 km s À1 standard deviations. These were adopted as the uncertainties shown in Table 3 .
In the calculation of the Galactic space velocity we used a right-handed coordinate system (U is positive toward the Galactic center, V is positive in the direction of Galactic rotation, and W is positive toward the north Galactic pole) and followed the general recipe described in the Hipparcos and Tycho catalogs ( ESA 1997) . The computed Galactic space velocity components and their uncertainties are given in Table 3 . Table 4 summarizes the basic properties of the relevant moving groups and associations within 120 pc from the Sun. The probability that star i is a member of moving group j can be computed by
where U i , V i , W i and U i ; V i ; W i are the Galactic space velocity components of the star and their uncertainties, respectively, while U j , V j , W j and U j ; V j ; W j are the mean Galactic space velocity components of the specific kinematic group and the corresponding errors. In this formula we assumed that the velocity distribution within a group is Gaussian. When U j ; V j ; W j parameters were not available in the literature, we computed them from the velocity dispersion of known members around the mean. Our newly calculated mean values were always consistent with those from the literature within the uncertainties. In those few cases where no sufficient membership information could be found in the literature, we adopted
(a characteristic value in the previous cases). Probability values for each star with respect to each group were computed. Then we checked the resulting P ij values for objects already assigned to a group in the literature. The numbers spread in the range of 0:2 < P < 1:0; therefore, we set P ¼ 0:2 as a lower limit for the new moving group member candidates as well. Stars assigned to any group above this threshold were further checked by comparing their three-dimensional space location with the volume occupied by the group (most groups are rather confined in space). There were a few stars that could be assigned to both the Tucana-Horologium and GAYA2 associations; these cases are analyzed in Appendix B. Table 3 presents the final assignments between stars and kinematic groups.
From our sample of 60 objects, 26 sources could be linked to stellar associations; 13 of them are new members identified in the present study. For 10 stars out of these 13, age estimates are available in the literature. For these 10 objects we directly compare our age estimates with previous values in Table 5 . In most cases ages derived in our study are younger than the earlier values. The discrepancy is particularly obvious in the case of ages derived from isochrone fitting (e.g., Nordström et al. 2004 ). However, this problem is not related only to the present study. For example, HD 105 has a moving group age of 30 Nordström et al. 2004) . The age uncertainty related to isochrone fitting might arise from the lack of information on whether the star is in the pre-main-sequence phase of its evolution or is an evolved object above the main sequence. In ambiguous cases we always adopted age estimates derived from stellar kinematic group membership.
Statistical Age Estimates for the Disk Sample
For stars not assigned to any moving groups, other age estimation methods are needed. Before focusing on individual systems, in this subsection we analyze what can be learned about the age distribution of our sample of debris disk systems.
Distribution of the Excess Stars in the Velocity Space
The distribution of the derived Galactic space velocities ( Table 3) is displayed in Figures 1a and 1b . Overplotted is the box occupied by young disk population stars defined by Leggett (1992) on the basis of a systematic study of Eggen (1989) . The plots show that most stars from our sample belong to this population. This fact suggests that the majority of our sample of stars from Table 1 (4)- (6): U, V, W Galactic space velocity components; U is positive toward the Galactic center, V is positive in the direction of Galactic rotation, and W is positive toward the north Galactic pole. Col. (7): Assigned stellar kinematic group (see Table 4 ). Col. (8) Lowrance et al. (2000) argued that stars with strong infrared excess are typically younger than these clusters. Adopting this idea, we selected stars with B À V ranging between À0.1 and 0.33 (corresponding mainly to A-type stars) from Table 1 and plotted them in the CMD of Figure 2 . In addition, we overplotted a volume-limited sample of A-type stars (d < 100 pc) extracted from the Hipparcos catalog (it was requested that the parallax error was less than 10% and the B À V uncertainty was lower than 0.01 mag). For comparison, members of the open clusters Per (80 Myr) and Hyades (600 Myr) are marked. The older cluster, Hyades, covers the upper part of the distribution, while Per stars are situated at lower absolute magnitudes for the same color. Pleiades (100 Myr, not plotted in the figure for clarity) occupies the same region as Per (see Fig. 3 of Lowrance et al. 2000) . Figure 2 shows that the majority of the objects from our sample of high-f d stars appear to be close to the lower boundary of the area occupied by A stars and are located below the region of Per and Pleiades, with some overlap. This suggests that the early spectral type stars from our sample of high-f d disks are young, probably close to the zero-age main sequence ( ZAMS), and they are presumably not older than 100 Myr, the age of the Pleiades.
Ages of Individual Objects
For those objects that could be assigned to one of the moving groups or associations, the age of that group, as well as its uncertainty, was adopted (26 objects). For a number of stars not associated with groups or with associations, age estimates could be found in the literature (19 stars; for references see Table 1 ). Sometimes literature data for a specific star scatter significantly; in these cases we adopted an age range that covers all quoted values and their uncertainties. When the literature search did not yield any dating, we made age estimates by plotting the stars on the H-R diagram and comparing their positions to isochrones. For stars with spectral types in the range B9-G5 the isochrone age was estimated following the general outline described by Lachaume et al. (1999) , using the Padova theoretical isochrones (Girardi et al. 2000) . This method was applied to 13 objects. This isochrone method gives only upper limits for some A-type stars. As a best estimate for these stars (five cases), we adopted an upper limit of 100 Myr, consistent with our results shown in Figure 2 and discussed in x 3.2.2. For stars of later spectral type there are some widely used age indicators, like the strength of the Ca ii H and K lines or the X-ray luminosity of the star. In the case of HD 121812 our age estimate is based on the former method, taking the measured value from Strassmeier et al. (2000) and using the calibration of Lachaume et al. (1999) . HD 130693 has a ROSAT counterpart and its X-ray luminosity of log L X ¼ 29:7 ergs s À1 was compared with the X-ray luminosity distribution function of late-type members in different Table 3 . The dashed rectangle marks the young disk population as defined by Leggett (1992) . associations (see Fig. 2 of Stelzer & Neuhäuser 2000) , yielding an age range of 10-100 Myr. In Table 1 we summarize the age estimates for each object.
DISCUSSION
Connection between Debris Disks and Young Moving Groups
From our sample of 60 main-sequence stars exhibiting strong infrared excess, 26 can be assigned to young stellar kinematic groups. In order to test whether the frequency of stars belonging to young stellar kinematic groups is similar in a general sample, we determined the corresponding ratio within a volume-limited sample of normal stars. First, we created this sample by selecting stars from the Hipparcos catalog using the following criteria: (1) they are closer than 120 pc (the same volume limit as in our sample), (2) their survey flag in the catalog 11 was set to ''S,'' and (3) they have radial velocity measurement with uncertainty less than 5 km s À1 . The second condition guarantees that stars observed in various individual projects do not introduce a bias in the analysis of the velocity distribution (Skuljan et al. 1999 ). In addition, Binney et al. (1997) noted that radial velocities are preferentially observed for high proper motion stars, which may cause a kinematical bias in our sample. Following the proposal of Skuljan et al. (1999) , we constrained the sample for stars exhibiting low transverse velocity and excluded all stars with v t ! 80 km s À1 in order to avoid this bias.
The query resulted in 7519 objects, for which we computed the UVW Galactic space motion components. For each star in the two samples (the 60 debris systems in Table 1 and the newly defined volume-limited stellar sample) we determined the Euclidean distance in the three-dimensional velocity space from the closest moving group, min . In this analysis we considered only groups younger than 150 Myr. In Figure 3 we plotted the histograms of min for the two samples. A two-sided Kolmogorov-Smirnov test shows that the two distributions are different with a probability higher than 99.99%. This result indicates that debris systems of high infrared fractional luminosity are much more intimately linked to the nearby young stellar kinematic groups than the majority of normal stars.
The Relationship between Fractional Luminosity and Age
Zuckerman & Song (2004b) hypothesized that stars with f d > 10 À3 are younger than 100 Myr and therefore a high f d value can be used as an age indicator. This proposal is in contradiction with the conclusion of Decin et al. (2003) , who claimed the existence of high-f d disks around older stars. In order to test which proposal is supported by our data, in Figure 4 we plotted the distribution of ages as a function of the fractional luminosity f d from Table 1 . We plotted in red the debris disks whose presence was explicitly confirmed by an instrument independent of IRAS (see col. [8] in Table 1 ). The confirmation could be based, e.g., on high spatial resolution infrared images (ISO ISOPHOT, Spitzer MIPS), on mid-infrared spectra (Spitzer IRS), or on coronagraphic images (HST ACS, HST NICMOS). We found 43 confirmed debris disks in total.
Most data points with f d > 5 ; 10 À4 fall below the age threshold of 100 Myr (marked by a dashed line), while objects with lower f d show a larger spread in age. This trend can be recognized in the whole sample but is especially clear in the confirmed subsample (red symbols). There is only one noteworthy case: HD 121812 with an age of 230 þ150 À90 Myr exhibits fractional luminosity exceeding the 5 ; 10 À4 threshold value. However, the presence of a debris disk around this star has not been confirmed independently of IRAS. On the basis of this result, we conclude that, according to the suggestion of Zuckerman & Song (2004b) , the majority of debris disks with f d > 5 ; 10 À4 are younger than 100 Myr, and high fractional luminosities can be used as an indicator of youth. Nevertheless, the opposite is not true, i.e., a low f d value is not correlated with age and, in particular, is not an indicator of antiquity.
There is a growing list of debris disk systems that have been discovered by the sensitive detectors of the Spitzer Space Telescope ( Beichman et al. 2005a; Bryden et al. 2006; Chen et al. 2005a Chen et al. , 2005b Kim et al. 2005; Low et al. 2005; Meyer et al. 2004; Stauffer et al. 2005; Uzpen et al. 2005) , and one may wonder whether these new observations support our previous When only an age range is known, no filled circle was plotted. Red symbols mark those debris systems whose existence was explicitely confirmed by an instrument independent of IRAS (x 4.2).
conclusion. As a preliminary check we collected from the cited papers all debris disks with f d > 5 ; 10 À4 . We used fractional luminosity values and age estimates as quoted in the papers. We found that all of these new disks discovered so far belong to the $16 Myr old Lower Centaurus Crux subgroup of the ScorpiusCentaurus association (HD 106906, HD 113556, HD 113766, HD 114082, HD 115600, HD 117214; Chen et al. 2005a) , to the TWA (TWA 7, TWA 13A, TWA 13B; Low et al. 2005) , or to the star-forming region RCW 49 (18 possible warm debris disks; Uzpen et al. 2005) , which unambiguously shows that these objects are young, in agreement with the conclusion of the present paper.
Debris Disk Evolution and the Cases of Old Systems
There are a number of models in the literature (see x 1) to describe the temporal evolution of debris disks. In the following we compare our results with predictions. proposed a simple collisional model that assumes that all dust grains in the debris disk are produced in collisions between planetesimals within a ring whose radius is constant during the whole evolution. In collisional equilibrium, when the dust production and destruction rates are in balance, the grain loss mechanism governs the amount of dust visible in the system. If dust destruction is dominated by collisions, the fractional luminosity f d decreases proportionally to t
À1
. If the dust removal process is dominated by the Poynting-Robertson drag, f d / t À2 . It is predicted that in disks with f d > 10 À4 the evolution is dominated by collisions Wyatt 2005) .
Three families of disk evolution models, computed from equations (7) and (35)- (40) of , are plotted as shaded bands in Figure 5 . The data points and symbols in this figure are identical to those in Figure 4 . The main differences between the model families are related to disk mass:
The width of each band corresponds to a range in stellar mass from 0.5 to 3 M . Additional parameters are the characteristic radius of the ring of planetesimals r c ¼ 43 AU, the radius of planetesimals a c ¼ 10 km, the density of the planetesimal material c ¼ 1:5 g cm À3 ( proposed for icy bodies with a small rocky component ; Greenberg 1998; Kenyon 2002) , the size of the smallest visible grains a vis ¼ 10 m (taken from Jura et al. 2004) , the absorption efficiency of the dust particles Q abs ¼ 1, and 0 ¼ 226 (defined in eq.
[22] of . Figure 5 shows that the location of most stars on the evolutionary diagram can be explained by the models. The number of older stars exhibiting high f d values incompatible with the models is relatively low. Most of these disks are located in the t ! 10 9 yr and f d P 5 ; 10 À4 area. A possible explanation for the origin of these stars was proposed by , who assumed that different planetesimal disks become active debris systems at different ages because of the delayed onset of the collisional cascade. Large collisional events may also increase the brightness of a debris disk temporarily . Extraordinary events during the evolution like, e.g., a proposed ''supercomet'' in the HD 69830 system ) cannot be excluded either. Nevertheless, the low number of systems incompatible with the models, especially at f d k 5 ; 10 À4 , indicates that the above scenarios do not represent the main evolutionary trend.
It is important to note that a large spread in fractional luminosities (10 À4 < f d < 5 ; 10 À3 ) can be observed in the figure among young debris systems (t < 100 Myr). This result resembles the findings of Rieke et al. (2005) among A-type stars but somewhat contradicts those of Decin et al. (2003) and , who found only a few young stars with moderate or small infrared excesses and proposed that it might be related to the effect of stirring. A possible explanation of the large spread among young stars could be that the initial conditions of the disks (especially initial disk mass) are far from being homogeneous.
CONCLUSIONS
We searched the IRAS and ISO databases and compiled a list of debris disks exhibiting the highest fractional luminosity values ( f d > 10 À4 ) in the vicinity of the Sun (d < 120 pc). Utilizing high-resolution far-infrared maps, we attempted to exclude bogus disks from the sample. We recomputed the fractional luminosity value for each disk using available IRAS, ISO, and Spitzer data and analyzed the Galactic space velocities of the objects, as well as the distribution of the disks on the fractional luminosity versus age diagram. Our results are summarized as follows:
1. We compiled a list of 60 debris disk systems of high fractional luminosity. Eleven of them are new discoveries, and 4 out of these 11 have been confirmed by Spitzer observations. 2. Disks with high fractional luminosity often belong to young stellar kinematic groups, providing an opportunity to obtain improved age estimates for these disks.
3. Practically all objects with f d > 5 ; 10 À4 are younger than 100 Myr.
4. The number of old systems with high f d seems to be lower than was claimed before, mainly as a consequence of the age revision in connection to the young stellar kinematic groups.
5. There exist many young disks of moderate fractional luminosity.
6. Comparing the theoretical evolutionary model of with the observations in the f d versus age diagram, good general agreement was found.
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APPENDIX A BOGUS DEBRIS DISKS
In the last few years several IRAS-based debris disk candidates turned out to be bogus. Examples are HD 155826 ( Lisse et al. 2002) , or the list of Kalas et al. (2002) . The most common problems are contamination by background objects (cirrus knots, galaxies), Pleiades-like nebulosity, or unreliable point-source detection by IRAS. Our list of debris disk candidates is based on IRAS data; however, when higher resolution far-infrared observations were available, we checked whether the above-mentioned problems could have affected the detection of the disk. In Table 6 we list those objects that were identified as debris systems in the literature (and claimed to have 10 À4 < f d < 10 À2 in the original paper) but that our analysis indicates are very likely bogus disks. In the following we briefly describe the reason of rejection.
HD 34739.-The source position in the MIPS 70 m map differs from the star's position by 26 00 but coincides with the near-infrared source 2MASS J05163646À5257397 with an offset of 2 00 . HD 53842.-This system is not a real bogus disk, since at 24 m the star shows infrared excess (A. Moór et al. 2006, in preparation) , but at 70 m the IR emission comes from an independent compact source separated by 19 00 . This nearby source coincides with 2MASS J06460135À8359359, within a distance of 2 00 . Due to this fact, the fractional luminosity of HD 53842 decreased below our lower limit.
HD 56099.-The source position in the MIPS 70 m map differs from the star's position by 24 00 but coincides with the near-infrared source 2MASS J07190966+5907219 with an offset of 2 00 . HD 72390.-The peak brightness position in the ISOPHOT maps at 60 and 90 m differs from the stellar position by 36 00 . Coordinates of this peak are very close to those of 2MASS J08143635À8423260, which is an extended 2MASS source ( XSC 1524951), with an offset of 5 00 . (7): Units of right ascension are hours, minutes, and seconds, and units of declination are degrees, arcminutes, and arcseconds. When the object was nominated as a bogus disk due to source confusion, position of the unrelated nearby IR source is given. In the cases of MIPS observations MOPEX was used to extract source coordinates from 70 m MIPS images. The coordinates of peak brightness in ISOPHOT maps were determined by fitting a point-source profile.
a Silverstone (2000) selected these objects as debris disk candidates on the basis of IRAS data, but found that ISOPHOT observations did not confirm the detection of IR excess. He proposed that the nondetection of far-infrared flux excess toward the star's position can be explained by cirrus contamination.
b HD 53842 is not really bogus. At 24 m it shows IR excess above the photosphere (see A. Moór et al. 2006, in preparation) . However, at 70 m the excess emission is related to a nearby infrared source.
References.
- ( was discovered in the framework of the SACY (Search for Associations Containing Young stars) survey ( Torres et al. 2003) , and the known members are confined mostly in the right ascension ( R.A.) range 3 h < R:A: < 9 h . Recently identified members of TucHor occupy a similar region (2 h < R:A: < 7 h ), and several of them show only slightly different Galactic space motions compared to the mean UVW velocities of the Tucana nucleus and resemble the mean space motions of GAYA2. Although GAYA2 is more distant ( located at a mean distance of $84 pc, while TucHor members located in the same sky region have a mean distance of $50 pc), there is an overlap in radial distance, as well. Studying the relationship between the two associations is beyond the scope of this work. As a practical solution, we assigned all doubtful sources (see Fig. 6 ) of D 67 pc to the TucHor association and the more distant ones to GAYA2. Thus, we propose that one of these sources, HD 37484, belongs to TucHor (its space velocity is not inconsistent with that of other neighboring TucHor members). The measured lithium abundance of the star ( Favata et al. 1993 ) is a strong indication of its youth. HD 21997, HD 30447, HD 35841, HD 38206, and HD 38207 are classified as members of the GAYA2 group. It is worth mentioning that these five stars form a spectacular concentration of high-f d debris disks within a relatively small area on the sky.
Local Association.-We propose that HD 10472, HD 10638, HD 218396, and HD 221853 belong to the Local Association. HD 10472 was previously a TucHor candidate ( Torres et al. 2000; Zuckerman et al. 2001b ), but recently Zuckerman & Song (2004b) suggested that its membership status is uncertain; thus, it may be consistent with our result.
IC 2391 supercluster.-On the basis of its Galactic space velocity HD 192758 may belong to the IC 2391 supercluster. Its position on the CMD (see Fig. 2 and x 3.2.2) also suggests its youth.
HD 110058.-This was earlier classified as a member of the Lower Centaurus Crux ( LCC) association using the convergent point method . However, according to our results, its Galactic space velocity is inconsistent with the mean velocity of the LCC. Nevertheless, HD 110058 seems to be a very young object on the basis of its position on the CMD of A-type stars (see x 3.2.2).
